A follow-up of 332 consecutive cervical spine injury patients is described. Treatment was with collars (47%), operation (6%), skull traction (24%) and Halo vest (23%).
In the nineteenth century, the diagnosis of a cervical spine injury was made at autopsy in criminals with a fracture dislocation of the axis who had been ex ecuted by hanging. As non-invasive investigation methods such as radiography did not exist before 1895, cervical spine injuries were regarded as rare and fa tal. The interest of these injuries was initially focused on the upper cervical region (Mixter and Osgood, 19lO; Fritzsche, 1913; Jefferson, 1920; Osgood and Lund, 1928) . They could only be diagnosed at post-mortem and therefore had a bad reputation.
In later studies, however, mortality rates as low as 4% have been reported; 5/63 = 8% (Amyes and Andersson, 1956 ), 14/77 = 18% (Rogers 1957 ) and 1/26 = 4% (Nachemson 1960),3/68 = 4% (Althoff 1979) .
The first publication of a patient treated by an operation was a patient with delayed union of an odontoid fracture (Mixter and Osgood, 19lO) . The posterior arch of the atlas was stabilised with the spinous process of the axis with silk.
Later many series were published regarding operative treatment of cervical spine injuries (Cone and Turner, 1937; Gallie, 1939; Cloward, 1961; Verbiest, 1969) . In 1933 Crutchfield reported on the use of skull traction for a patient with a fracture dislocation of the axis.
A further development of skull traction, the Halo vest, was developed in 1959 by Perry and Nickel to provide support for adult patients with a collapsing spine due to poliomyelitis. The Halo vest consists of a skull ring connected via rods with a jacket. The method was later employed for the immediate treatment of acute fracture dislocations of both the upper and lower cervical regions (Seljes kog, 1978; Thompson, 1962; Cooper et ai., 1979) .
The aim of this study is to describe all patients with a cervical spine injury between the years 1970-1980, in the Stockholm County Council area.
Material and methods
The medical records of patients hospitalised for cervical spine lnJuries were reviewed in 12 hospitals: Serafimerlasarettet, Sabbatsberg Hospital, St G6ran Hospital, St Erik Hospital, S6dersjukhuset, Karolinska University Hospital, Huddinge University Hospital, Danderyd University Hospital, S6dertalje Hospital, Norrtalje Hospital, L6wenstr6mska Hospital, and the Nacka Hospital. The radiological records of patients who were X-rayed for cervical spine injuries in the same 12 hospitals were also reviewed.
The purpose of selection by both the medical records and the radiological records was to avoid false recordings and missed recordings. The quality of the recordings of diagnosis was not so reliable at the beginning of the 1970s (via punch cards) as at the end (direct via terminals). Therefore this double check was made in order to obtain as exact a collection as possible of the cervical spine injuries. 332 patients were thus studied who had undergone treatment at the departments of general surgery, orthopaedic surgery or neurosurgery in the 12 hospitals.
The records of sick leave, and disability pensions were studied. These data, collected from the Social Insurance Office, were obtained in 191 patients. The remaining group of patients were either too young (16 years not recorded), dead (eliminated from the records), or for some other reason not available in the files, e.g. unemployed.
In the Stockholm County Council there are 5 hospitals with special depart ments for orthopaedic surgery, 2 with special departments for neurosurgery, and 7 hospitals with general surgery only. Patients with cervical spine injuries were referred to these departments (Fig. 1) .
The year and month distribution, age and sex distribution, cervical spine injury distribution, direction of displacement, cause of trauma including the influence of drugs and alcohol, accident at work or during leisure, concomitant injuries classified according to the Abbreviated Injury Scale and Injury Severity Score (Baker et ai., 1974; Baker and O'Neill, 1976) , choice of treatment, primary neurological impairment, head injury, clinical examination, delay in making a diagnosis, mortality, complications associated with the treatment, healing rate, hospital and post-hospital treatment were obtained from the medical records and radiological records and were recorded on a special trauma form. The differ- ent parameters which had been collected were coded and analysed with a com puter (IBM 3081 K).
Results
The population of the Stockholm County Council area is about 1·5 million. Between 1970 Between -1980 (Fig. 1) there was an increased number of cervical spine injuries. The incidence of cervical spine injuries by months of the year showed a slight tendency to a peak in the summertime. The age and sex distribution showed that most cervical spine injuries occurred at the ages of 20-40 years (Fig. 2) . Sixty six per cent were men and 34 per cent women. Only 5% of the injuries occurred at work, the rest during leisure. The influence of drugs and alcohol was mentioned in 22 % of the medical records.
Cervical spine injuries: distribution, CI-C7
The analysis of the various types of cervical spine injuries with respect to frac tured parts and levels, dislocation injuries with and without fractured parts and their displacement anteriorly or posteriorly, showed a clear peak at the C2 level.
Fractures at the C2 level were the commonest (Fig. 3 ) and involved first, the odontoid process; second, the pedicles; and third, the vertebral body. The next common level was C5 affecting the vertebral body.
The frequency of dislocation injuries (Fig. 4) with and without fractures was most common at level C6-C7, followed by C5-C6, then C2-C3.
The analysis of the displacement anteriorly or posteriorly, showed a greater number with an anterior displacement than posterior. Traffic accidents were most numerous (SO'j" o), next came injuries from falls (37%), and third diving accidents (5%). Other accidents constituted 8% (Fig.  5) . When the subgroups of traffic accidents (car driver/passenger with/without safety belt, bicycle, motorcycle, pedestrian and others) were correlated to the trauma level, the C2 level was most commonly involved in all of the groups. Cl-2 C2-3 C3-4 C4-5 C5-6 C6-7 Figure 4 Number of dislocation injuries with respect to level of the cervical spine. The age distribution showed a peak at around 25 years for all subgroups of traffic accidents. In these subgroups there were no obvious differences concern ing sex, except that women were not involved as motorcyclists. The number of traffic accidents by months of the year showed a tendency for a greater fre quency for all groups in June, July, October, November, December and January. Traffic accidents occurred during leisure, in 95%. The group 'car driver/passenger' was in 19% of the medical records classified as intoxicated.
% Traffic accidents
When injuries from falls were correlated to the trauma level, the pattern was the same as with traffic accidents, the C2 level was most commonly involved, regardless if the injuries from falls occurred at the same level or from a height inside--or outdoors.
The age distribution of injuries from falls, except falls from a height outdoors, revealed a greater incidence in older ages in contrast to traffic accidents. A tendency was found for men to fall more from heights and at the same level outdoors. The number of injuries from falls by months of the year showed that fewest occurred in September, and most in March. The subgroups of injuries from falls did not show any other special trend.
Also injuries from falls occurred during leisure in 95%. About 30% except injuries from falls from height indoors, were classified as intoxicated, in the medical records. Diving accidents occurred most frequently in the summer months, and the most commonly involved levels were C1 and C5 (Fig. 6 ). The miscellaneous groups 'others' did not show any special tendency in any direction in our analysis.
Concomitant injuries
About 20% of the whole group had concomitant Injuries. This was more common in those who had had a traffic accident (30%), than in those who had had a fall (15%). The concomitant injuries were not usually serious (Injury Severity Score < 25), except for a minor group of multitraumatised patients (Injury Severity Score > 25), where the cervical spin injury was just part of a multiple injury complex.
Primary neurological impairment
An analysis of the primary neurological impairment showed that 18% had some type of deficit primarily. Paresthesiae, numbness, transient muscular weak nesses in the upper or lower extremities being the most common (13%). Tetra paresis was found in 5 %.
What governed the surgeon in the choice of treatment?
Treatment was with a collar (47%), operation (6%), skull traction (24%) and Halo vest (23%). In Table I the different types of operation are listed, and in Table II the different types of skull traction tongs. When analysing which factor might have influenced the surgeon in the choice of treatment (concomitant injuries, neurological impairment or displacement), it was found that displacement was the most important factor. In the group treated with a collar only 10% of the cervical spine injuries were displaced, compared with operation 58%, skull traction 33%, and Halo vest 39% (Table  III) .
When the four groups of treatment-collars, operation, skull traction and Halo vest-were analysed according to age and sex, collars and operation were the choice in the younger age categories, while skull traction and Halo vest were more evenly distributed. There were no differences concerning the sex of the patient. Neurological deficits were present in all of the four main groups of treatment. Contusio cerebri was found only in the groups skull traction and Halo vest. In the group of tetraparesis, the C5 level was most commonly in volved.
Skull impact (head injuries)-clinical examination-delay
Skull impact occurred in 42% of the patients. The most common result was a haematoma/excoriation or a cut wound in the anterior part of the head. Differ ent skull impacts were related to the trauma level in order to investigate whether different types of head injuries would favour any special level. The C2 and C5 level, with predominance of C2, were the most frequent.
Delay of more than 1 day in making the diagnosis was found in 18 %. In two thirds of the patients, it was due to 'patient's delay' and in the remaining third to 'doctor's delay'.
Mortality and complications associated with the treatment
The overall mortality was 5%. In Table IV the treatment given, the number of days after trauma and the cause of death are listed for the 15 patients who died. It was noted that 9 of these patients were over the age of 65, 6 below age of 45, and none between these ages.
The lowest complication rate associated with treatment was in the group who had collar (0%), and next Halo vest (18%) ( Table V) . Skull traction treatment and operations had a high rate of complication associated with the treatment 58% respectively (Table VI, Table VII ). The patients who had skull traction had a mean time of this for 26 days.
The healing rate
Five of the patients with a cervical spine injury did not have a healed spine. One patient with atlanto-axial instability without a fracture failed to heal, and a stabilising operation was added because of frequent cervical pain, there was no neurological impairment either before or after the operation. Because of in capacity for work the patient received a temporary disability pension. The other patients that failed to heal had an odontoid process fracture 5/115 = 4%. Table  VIII shows the treatment used when the spine failed to heal. In only one case of non-union was an operation added. In the group of dislocation injuries with fractured parts none was recorded as not healed. Hospital and post-hospital treatments-sick leave-disability pensions Patients with Halo vest treatment had a very low use of hospital care in weeks and also of sick leave in days. This was further documented when the Halo vest treatment was compared with operation and skull traction (Fig. 7, Fig. 8 ).
Post-hospital treatment was necessary in 19% of patients treated with a collar, 74% of the operations, 43% of the skull traction, 29% of the Halo vest group. Regarding the necessity for a disability pension, it was found that patients who had an operation gave the highest percentage, 42%. Next came skull traction 13%, Halo vest 8% and collars 8%.
Discussion
Little is known about the incidence of cervical spine injuries in earlier times, but during our lO-year follow-up there is a clear tendency to an increase of such patients (Fig. 1) . This could to some extent be explained by increased intensity of traffic and by increased leisure. We also found a higher frequency of cervical spine injuries during holidays, June and July, and during the change-over to the dark season with snow and ice.
Older reports have given cervical spine injuries in the upper cervical block a bad reputation, although in later studies the mortality rates fell down to 5/63 = 
Hospital time (Weeks) Figure 8 Halo vest treatment compared with skull traction treatment with respect to hospital time in weeks and sick leaves in days on average. For instance the Halo vest-treated plftients who had been treated at the hospital for 4 weeks had on average 100 days off work compared with 225 days for the skull traction treated group of patients. , 1956 ), 14/77 = 18% (Rogers, 1957) , and 1/26 4% (Nachemson, 1960) , and 3/68 = 4% (Althoff, 1979) , which corresponds to the 5% in this present study. The bad reputation also involved many results with high non-union rates for, in particular, conservatively treated odontoid process fractures. Variations ranged between 0-82% (Althoff, 1979; Andersson and D'Alonzo, 1974 . This wide range may be due to variations in the conservative treatment and follow-up, but perhaps more to the fact that a review of the investigations of high non-union rates discloses rather few cases, and from this limited experience the authors categorically express their opinions or present misleading reviews of earlier investigations.
8% (Amyes and Andersson
In the present investigation of 332 patients, only 6 could be found who failed to heal. One patient had atlanto-axial instability (Halo vest treatment), and the other 5 patients had non-union odontoid process fractures (5/115 = 4%). Three of those patients were treated with collars, 1 with skull traction, and 1 with a Halo vest. The statement that an isolated fracture of the atlas is rather rare but by no means necessarily fatal (Jefferson, 1927; Hinchey and Bickel, 1945; Graubard and Ritter, 1949; Grogono, 1954; Seljeskog, 1978) accords with the present findings. The early statement by Jefferson in 1919 still holds: 'My first im pression was that a fracture of the atlas would be almost invariably followed by death. Greater knowledge of the subject has, however, modified this opinion.'
Fractures of the neural arch, sometimes called Hangman's fracture or traum atic spondylolisthesis of the axis, are not very rare; they have a good prognosis and serious neurological damage is uncommon, 0-13 per cent, (Grogono, 1954; Schneider et ai., 1965; Cornish, 1968; Brashear et ai., 1975; Seljeskog, 1978; Effendi et ai., 1981) . These results are also corroborated by the present investiga tion, with 1 % with serious neurological damage.
Isolated tears of the transverse ligament of the atlas (Gonzales et ai., 1940; Hipp and Keyl, 1963) are very rare. It has been stated that these disruptions are most often fatal because of the danger of spinal cord damage. It is also obvious that an isolated rupture of the transverse ligament may readily be overlooked at post-mortem examination (Krantz and Lowenhielm, 1980) . However, patients are described with these ruptures and survival (Dunbar and Bronson, 1961; Wigren and Amici, 1973; Fielding et ai., 1974; Brunon et ai., 19.78) . Primary fusion has been recommended to avoid atlanto-axial instability. The Halo vest treated patient in the present investigation with an atlanto-axial instability that failed to heal was later stabilised operatively.
Cervical spine injuries in the lower cervical region have not received the same attention as cervical spine injuries in the upper cervical region. They are characterised by descriptions based on X-rays or classifications according to the assumed genesis (Cheshire, 1969; Holdsworth, 1970) and do not have as bad a reputation as injuries in the upper cervical region, but they may be as sociated with tetra-or paraparesis. In the present study injuries to the C5 level showed the most frequent association with tetraparesis.
Earlier descriptions of the localisation of fractures and fracture dislocation involving the cervical vertebrae (Amyes and Andersson, 1956; Nachemsson, 1960) showed a similar pattern but not to such a degree on the C2 level as in the present study. This accumulation of cervical spine injuries in the present study at the C2 level suggests this level to be a weak point. Odontoid process fractures consititute 35% of all cervical spine injuries in this study, compared with Amyes and Andersson's 13% (1956) Injuries at the C2 level with regard to all fracture types in the present study constitute 48% compared with Horlyck and Rahbeck's 31 % (1974).
The age and sex incidence in some earlier investigation showed a predomi nance for men (Nachemsson, 1960; Horlyck and Rahbeck, 1974) and also a peak age incidence around 20-40 years (Paradis and Janes, 1973; Horlyck and Rahbeck, 1974) . These differences have been further confirmed in the present study.
Traffic accidents constitute the main reason for cervical spine injuries, fol lowed by falls (Amyes and Andersson, 1956; Roberts and Wickstrom, 1973; Paradis and Janes, 1973) . Injuries from falls in our Swedish study show a pre dilection in those of older age, in contrast to traffic accidents which were as sociated with those of younger age. Diving accidents in the present series were uncommon and constituted 5%. Other facts not previously described were that nearly all accidents (95%) in our Swedish study occurred during leisure, and that 22% of the patients were under the influence of drugs and/or alcohol.
Mechanisms for the trauma level and incidence of neurological deficits might be:
1. The use and the types of safety belts, the condition of the vehicles, the maximum speed limits allowed and different traffic cultures concerning car accidents that may vary in different countries. 2. The influence of drugs and/or alcohol in this Swedish study which was about 20% may also vary in different countries. 3. The standard in the working environment varies too in different countries, just as does the relationship between working and leisure periods.
The site of the impact causing the patient's fracture was described in 42% of the medical records. The commonest result of the impact was an anterior cer vical haematoma/excoriation, then a wound in the same location. Anterior dis placement was more common than a posterior displacement, in analogy with earlier investigations (Blockey and Purser, 1965; Rogers, 1957; Schatzker et ai., 1971; Roberts and Wickstrom, 1973; Paradis and Janes, 1973 ). An anterior impact to the vault of the head causes a transverse backward rotation of the head, which would favour an anterior displacement of upper cervical spine injuries. The direction of displacement has been discussed as a factor influenc ing the healing process of odontoid process fractures (Schatzker et ai., 1971; Roberts and Wickstrom, 1973; Apuzzo et ai., 1978) . In this study, such a correlation could not be seen; this was also noted in the report by Althoff (1979) . Varieties of primary neurological impairment (paresthesiae, numbness, transi ent muscular weaknesses in the upper or lower extremities) were seen in 18% of the patients, whereas tetraparesis occurred in 5%. In Rogers' series (1957) the figures were 64% and 20% respectively.
The primary neurological deficits and the concomitant injuries were not usually serious, except in a small group with primary severe neurological deficits of tetraparesis or paraparesis (5%), and also a minor group (4%) where the cervical spine injury was part of a multiple injury complex. This also cor responds to the earlier studies by Krantz and Lowenhielm (1980) where an Injury Severity Score around 25 has been calculated as a critical level for sur-vival. This also implies that there is a small group of patients with primary survival where improved emergency medical care can considerably reduce the number of fatalities. The survival prognosis, however, for most patients with upper cervical spine injuries is decided at the moment of trauma.
Cervical spine injuries and spinal cord injury can be missed in patients with multiple injuries, head injuries and in these without any paralysis (Ravich andran and Silver, 1982) . In this study, a delay in making the diagnosis was found in 18%, in two thirds of the patients it was due to 'patient's delay' and in the remaining third to 'doctor's delay'. This corresponds to the 4% doctor's delay described by Ravichandran and Silver (1982) .
When analysing which factor might have governed the surgeon in the choice of treatment, displacement, neurological impairment or concomitant injuries, it was found that displacement was the most important.
Halo vest treatment gave a lower complication rate associated with treatment, a lower utilisation of hospital treatment, post-hospital treatment, sick leave and of disability pensions compared with patients who had an operation, and those having skull traction. The complication rate with Halo vest treatment was low in this series as compared to that of Garfin et al. (1986) .
The complication rate for the skull traction and the operation groups was unacceptably high (Tables VI, VII ). Crutchfield's programme of treatment (1954) with skull-traction for 6-10 weeks has not been fulfilled, as the skull traction time in the present study had a mean value of 26 days. The reason for this must be that the treatment could not be fulfilled because of the high rate of serious complications.
It could be claimed that patients treated by operation and skull traction were negatively selected. However, concerning concomitant injuries and neurological impairment, there were no differences between the different types of treatment. In the operated group there was a positive selection in younger patients and absence of contusio cerebri.
After reviewing this material of 332 patients with cervical spine injuries, we conclude that a collar is sufficient treatment for most undisplaced fractures, and that immobilisation by a Halo vest is an excellent method of treatment for most patients with a displaced fracture.
